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I. INTRODUCTION 


Increased use of recioactive meterials ard the interest in nuclear 
power reactors has added İmpetus to the search for goed shielding materials, 
Some of the ceairable properties for a nuclear reacter öhleld are (1) high 
density to minimize thickress, (2) high content of light elemente for the 
Gegracation of the neutron flux, (3) high content of heavy elements fer 
the degradation of gamma rays, (h) low cost, (5) eate of fabrication and 
instalistion, (6) reascnable structural strength, stability under 
irradiation and stability wider hot, moiet or dry conditions, 

“ater and the hycrocerbons are effective neutron shislds but sre 
inefficient germa ray shields. Lend is an excellent gamma ray shield but 
is a poor neutron shield. Th would be necessary to combine meter and lead 
to oltain an efficient reactor shield. Conerete iz one of the few materials 
thet combines all the above cesirable qualities to any satisfactory degree. 
For this reason concrete has beer used rather extensively as a shielding 
materiel, 

Gallaher and Yitres (1) state that the required concrete thickness is 
determined by the required gamma ray attenuation, ang not by the required 
neutron attenuation. Tre light element content of tre conerete le usually 
sufficient to reduce the neutren flux to the desire level when the gamma 
rays aré been reduced to the sesired level, 

The theory of gamma ray attenuation has been well established and 
discussions of this theory can be found in any etlanderd nüclenr p'yeles 


text book suck as Kaplan (2, pp. 322-356), 
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The basic property of the attenustion of gemma rays is the expenential 
decrease in the intensity ol radiation as « homogenous beam passes through 
a tin slab of material. For a hemogenous bean cf initial intensity Ig, 
with intensity I after passage throughs a material of thickness x, tre 
relationship is 


Is Ii, e 


where tie constant y is defined as the iinear absorption coefficient. 
Tria constant een be determined by either tnecretícal or expericental means. 

The interaction of gamma rays with matter is described by three major 
processes, namely, (1) phetcelectric abscrptlon, (2) Compton scattering, 
end (3) pair production. Tre absorption coefficient derends on the nsture 
of the absorbing material as well as t^e energy of the ivcióent photon, 
and ne single formula cr range-energy curve hen beon obtained for all 
materials. For the probability of each of the above three crocesses ag a 
funetion of energy, formules can be derived by the use of quantum mecvanices. 
The probability oan be exoressec ag an atsorptlon coefficient or cross 
section. The total avecrotiorn cosfíiciont is the eum of the three partial 
eross sections evaluated as a function cf energy for a given material. 

The contribution af each process varies with the energy and the 
material, İn the photeelectric effect a11 the energy of the rnoton is 
transferred to a bound electren whieh 48 ejected from the atom, This 
effect is most important for gesma rays with energies less than 0.5 Mev. 
and for alsorbera of high ۸۵4 5 و‎ 

in Compton scattering the incident photon is scattered ty an atomie 


electron. The photon moves off at an angie with ite initial direction and 
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with lees than ite initial oneriy. Thie effect is most important for 
absorbers of low avomle number and ia the precominent process even in 
elements of high atomic number when the energy range cf tha incicent 76 
is between 0.6 Mev. and 3 Mev. 

fhe pair preduction oreesers involves the creation of a positron- 
electron pair by the absorption of a moten, The process cannot take pisce 
wiless the photon energy is at least 1.02 Bev. This process is important 
for hich gamma ray energies and for olements ef high atomic number. 

The thecreticel resulte fer the evaluation of absorption ecefficients 
have been collected and compared with exveriventel results in s review 
article by Davisson and İvana (3). Tre results indicate exesllent agree- 
ment between theory and experiment. 

To obtein valid experimental results the restrictions of the equation 
deseribirg gemma ray attenuation must ve considered, First, the incident 
bes was considered to be monc-energetias  Zecond, the beam was considered 
to be collimated, Lees, scattered radiation left the beam and was not 
— bach inte the beam. Third, the absorber wus tin. Lxperisental 
arrengesents which meet these restrictions sare considered to have "good 
geometry". For "good geometry" srrancements, the gamen ray attenuation 
equation La valid, anc the ebsorption coefficient ean be celermined by 


meesuring beam intensities for various absorber thickresses. 
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TI. REVIDI OF LITTORE 


The thickness of a concrete shield is determined by the required 
reduction in gemma rey intensity. Snyder (h, pe 123) states thet as a 
rough appreximation, the ratic of the density of two materials is equal to 
tea ratio of thelr absorption coefficients in the energy renge of 1 Nev. 
to 3 Mev, Thus, high density concretes are desirable in order to decrease 
the resuired thickness cf the shieid, 

Veavy cthoretes have been used ag the shielding material for sany of 
the reactors now in operation, Tee review article by Galisher and ۵ 
(1) liste the comositien anc mixing formula for several of these heavy 
emcretez. Tt also cosrares the propertios for the varicus conero 086 
Composition end shielcing properties for most cf ihe heavy concretes İn 
use, or proposed, have been collected and reviewed by Snyder (4) and 
Cwngerford (5, pp. 715-712). In most cases, the censity of the concrete 
is increased by using irs: filings or punchings as the heaty agererate., 
The concrete censity ean be doubled by this method. (y weing a barytles 
ore as botn the fine anc course aggregate, the density of the concrote can 
be İnersased 50 percent. 

The selection and placing of high densl ly concretes is discaased by 
Davia (6), The soecial techniques required to obtain a sound shield are 
Glscussod £5 well as te difficulties encountered with embedded items and 
access holes through the shield. 

Ak cost comerisen of high cepalty concrete shields ia made by Lene 


(7). Tiree s-eeial techniques and handliny equimert are required for 
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III. INVOGTTOATION 


The use of slag os a fine aggregate in mortar we studied to determine 
the effect of the slag on the absorptlon coefficient, “ince a mortar of 
this tyre van be mixed and cast by standard techniques, the cost ss com- 
wared to stendard mortar will te directiy proportional to the coot cf the 
slag as compared to the ecst of the aand normally used in a given arena, 
Sinee pewer reactors will prebably be situated near indugtrial aress, tie 
cost of slag will >robsbly eomzsre favorably with the cost of the sand. 

Heavy mertar could be used with the cresently vsed high density 
course agcregstes tvereby further increasing the density of the concrete 
with little or no cost increase. 

A study wes mede to detersine whether thera would be any gain in the 
gamma ray attenuation by keeping the mortar saturated with water, 


The study was conducted al only one energy level, 1.25 Mev. 
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IV. EQUI"MENET AW) MATIRTAL 


A, &aciation Source 


A Co gource ef approximately 2.5 millicures strength was used in 
tris study. The source ess present ag cobalt c^loride ín &n alusínun 
container. The source mas cylindrical in shape with a éisneter of 1/8 
inch and 1/16 inch thick. The aluminum container was aleo a eylinerical 
dek with a 3/0 inch diemeter and 3/16 inch thick, The source was موم‎ 
tained in ah by ا‎ by 6 inch lead block. 4 7/8 inch hole was drilled in 
ore of the lh by G inch faces to a depth cf 2-1/h inch. ‘The source wae 
placed in the botton of this hele with the exis of the cylinder -arsllel 
to the axis of the hole, 

The Co gource has two photena emitted in cascade with energies of 
1.17 Yev. and 1.33 "ev. For this study on average energy of 1.25 “ev, 
was need and no corrections were mace fer self siscrption or abserption 
in the aluminum conteiner. The source has a half life of 5,2 yeare 80 no 


correction was necessary for its gemma rey decay, 
Bs Detector and Apnaratus 


The detector used sas a mica end window Celzer~iueller tube, model 
D33, manufactured ty the Suclem Instrument and Chemicsl Corporation. The 
mica end windew was 3.5 ag/om® thick. The dismeter ርያ the tobe measured 
1.375 inches at the window. The tube was operzied at a 950 volt potential, 


The sealer used was a model 200 sealer manufactured by the nadiation 


|1 


y 





- —— M —M o 













4 سم حضحسف سے 


. = 
میں رو‎ e t mtus c en Co Ih 
o£ mum می‎ c vu) Uum مس ه‎ 6፡9 E . ና 
We mus, e. ی‎ erezi y » 
Mi — ef, ep wi: Im ። ANS 
wenn ° an سم‎ ዶሃ የና ጠጠ يس‎ ٧ o, E 
مور‎ mort په‎ ١ mes ml miei le 
ወ ‹ሥ፡: ”” ,«፡፡ “ዛፍ دہ ؛ - با‎ em. uy ብቐ dom 
dde: gë bk po m m, pu pur ہس اي سه‎ በፃ. 

"AI I.I 

ፍጐ- ጠመ ur com o مس س اس + س سلا‎ Hie 
سی د امه له‎ መ اس اقا‎ Ae ےد مھ سے‎ Á 

DE ود ہا‎ he F^ Fs Fm Sib « oo Go 
"“.» e pi r 4።፣ 0 +» y pr ہے‎ mmm weg ag 
— ብ. ብክ مته ۰د‎ e com ۱ 








—— 49 gg یم‎ 


1. A RD a مات مه‎ o er - esker en 
e ame Pare سے مسسے وج‎ e e bar perre 

— pn ےم سه‎ — ei ern Tre be pr یب ۔ سے‎ 
ع او‎ bue a paren ee هه ده پسو و ټم مه سا‎ ۰ 
olr هه‎ 4 መጨ መጨ.» A c cmo od 





instrument Development Laboretory. he sceler was operated ith tho 
discriminatce set at 40 and with the gain set as 1/16. It was Seund that 
with the gain set any higher, the sersitivity of the instrument was so 
great that it wee effected by outalide claturbances. 

Tests were conducted with the ap cratus on a 100- micrucurie 0ون‎ 
source. The results chowed the setup to te 2 percent efficient for the 


detection cf gamma rays. 
Ce fhielcing 


Several 2 by با‎ by 8 inch lead bricks were built up around the seurce 
and the detector tube. The bricke were so placed as to crovide 4 inches 
of lese around beth the souree and the detector tube to reduce the scatter- 
ing effect. The four inches of lead around the source and detector reduced 
the intensity of the incident beam to less then 0.01 percent of its initial 
intensity. 

Four leed blocks, labeled 5) C, E, and E, and whose dimensions are 
Show: on Figure 1, wore usec to collimate the rediation beam. The blocks 
"ere also present te reduce tie radiation seattered by the absorbers from 


reaching the detectar. 
D, Geometry 


k photograph showing the general experimental layout is ehowr in 
Figure 2, The dimensions for the layout «re given in Figure 1l. This is 
@imiler to the configuration used by Tarlsson and Ivane, (5) for the 
determination of absorption coefficients. 


Tto holep in the collimating blecks are of suck a sige es to give the 
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to the nunber of ungestiered p'ctons atriking the detector, ^/5 is 


exoressed 28 


S/B = Bež e A 


where Ne is the number of electrons per cutic cortimeter of atsorber, X is 


b 


the absorber thickness, and „ou? is the eross section for the total photon 


energy seattered threugh sn angle Og. For smell angles, 65 lers than 5. 
2 
e 2 
es = ez “o 


For the experiments] layout ss shown in Figure 1 the maximun kcatter- 
ing angle was determined to be 3.29. The angle was measured in the follow- 
ing manner. A line was drawn from one edge of tie source across the center 
line to the edge of the hole in collimating block € at tre sbsorbur İsce, 

۸ line from thie coint was draw &croes the center line to the edge of the 
detector fece visible behind eollimating block v. The angle between these 
two lines was defined ae the maximun single scattering angle, 

Ten en, of lead wero sacumad 58 the extreme case for this study, 8 
was commuted to be .O200, Approximately 2 rercent of the total count would 
‚be the maximum possible error caused by gingly seatterec photons reaching 
the detector. Ha corrections were made to the counting data fer thie 
senitering. 

In view of the result, any variation in the detector efficiency as a 
function of energy of the incident photon can be ignored, 

In order to determine the accuracy of the expericental setup, an 


&bsorption curva for lead wae cetermined and is shower in Figure 3. Standard 
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devistion for the cownting wau maintainec below 2 nercent. The value of 
the mass absorption coefficient wes determined to be .0570 enf/gam, 485 
end Evans (3) list the mass absorption coefficient Fer lead as .057h for 
1.25 lav. 

This absorption curvo indicates that while multinle senttering and 
secondary radiation due to annihilation radiation or bremsstrahlung were 


ignored the effects are negligable. 
Le Absorbers 


Tse absorbers used were 2 by 2 by h ineb mortar blocks, The como- 
sition of the blocks was varied, and the absorption coefficient was 
determined for each composition. The commosition and fabrication of each 
set of blocks is ciscuesec in Ceteil in the section on Procedures. The 
chemical anslysia of the ingrediente was not obtainable but Table 1 shows 
the normal compositions of the cement and slag. The sand was assumed to 
be 100 percent 5109, and no information was avelleble concerning the fly 
&th, 

Table 2 shows the particle distribution ae determined by sereening 
tests and Table 3 gives the densities of all the ingredients. The data 


given in Table ? are also plotted in Figure 16. 
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Table 1. Chemical composition of cement and slag in percent weight 











2109 ۳205 41203 Cad "go 
Portland cenont 232 7 6 63 2 
Type 1? 
Slagb ho 30 20 5 2 





Avalues ere average valuer as reported in tef. 5, pe 723. 


Pese are averege values as reported by the producer. 


Table 2. Particle sine of sand and slag 





Percent passed screen 








Screen 5126 Sand Slag 
1.49 in. 100 
752 in, 97 
e371 in. 100 9h 
Ho, 8 88 65 
RO» 50 5 3 


Xo, 100 2 1 
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Table 3. Densities of materials 





Material Send Slag Fly ash Portland cement 
yre 
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As noted previously the composition of the mertar blocks was verted 
for this investigation., In all, eight different mixtures were tested, 
The comoositions o? the eight mixtures are shown in Table h and are lebeled 
A throvgh BH. In mixtures A to C the pereentage by weight of cement and 
water were held constant. For mixtures A to t, the amount of slag replec- 
ing the sand was varied. As the alas content was inerwaced, the mixtures 
appeared to become vary harsh, As an aid te reducing the coursenere, fly 
ash was added as part of the fine aggregate in mixtures F and G., In 

' mixture | an attempt was made to increase the total aggregate using sleg 

end fly ۰ 

The procedures used for mixing and casting of the blocks were the 
game for all mixtures. The cement, Sly ash if present, and about ene- 
fourth of the aggregate were thoroughly mixed, The water was ac“e and again 
mixed with a hend trowel, The remsinder of tte aggregate was added in 
small amounts ard mixed. hen all the aggregate was added, the mixing 
continued for several minutes to insure a consistent distribution of 
ingredients. | 

The nachinsd steel mold eontsined twenty-four 2 by 2 by l inch com- 
partments. Normally 12 blocks were cast for each mixture. The compertments 
were filled about one-third full and then redced 25 te 30 times. This 
process was recesieó tee more times to fill the mold. Additional mortar 
was spread over the top and worked dom with a trowel, The excess mortar 


wae remevec leaving the morter in the mold level with the ton, The meld 
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was then covered with molstesod burlap and allowed to stand Tor two days. 

The blocks were removed from the molá, and six Llocks were stored in water, 
Nile six were etorec in air, The tlocks stored in water are defined as 

sturdurd blocks, and the blocks stered in air are defined as air dried. 

The absorptien corfíiciont ws determined bota Il and 28 days after 
the blovks were vast. The air dried blocks had only to te weighed and 
then tested as ehsorbe:s. The standard blecks were removed from the water 
tanks and blotted dry with paper towels to remove tne surface moisture, 
They were then weighed and testec ag abeorbers. After the Iu dey test, the 
Rator cured blocka wore returned to the water tanks. Tre time required for 
these blocks to be ont for the water was normally not over two Fours, 

Tre volume ef all tre blocks was considered to be constert, After 
determining the weight, the density was computed in ርዕጆ/ en’, Hsing a bwo- 
inan thickness, the absorber thickness in gn/en* was compuLec for esch 
block, The blocks were then used os abeorbers anc the counting rate was 
determined for 2 inch intervals of algerbers wo to a total of ten inches. 
The corrected count versus absorber thickness was vlotted oz gamblok 
paper. The slope of the straight line obtained was the mass absorption 
coefficient, V/O . Using the average density obtained from 6 blocks, the 
linear absorption coefficient wes computed for both the air dried and 
stenderé blocks for each mixture, 

ይዬ tke start of each Gay, the seurce was removed from the srea and a 
backyreund count wan taken, All counting data were corrected fer this 
background. The background count was eheexed avery t^ree hours during the 
reminder of the day, After returning the source to the enparatus, 


several points on a plateau curvo were token to insure satisfactory 
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eperation of the detector Lude. 

Since maximum counting rate for sero cotgorber w.s atout 3,000 counts 
per minute, no correction was nade for counter: ceed tine. 

The standard deviation for all counting data was meintalned below 2 
percent as this was ihe maximus predicted error for single scattered 
radistion. 

The compressive strength of the mortar blocks wes determined 2. days 
after casting. Thres blocks from beth the air dried and standard semnles 
for each mixture wore tested. All camressire سے‎ were made along the 
four inch length of the blocks. The average of the three blocks was 
reported aş tha comrenssive strength. After being used as abeorbers, the 
stendare blecks were returned to the water tanks for several hours before 
they were tested for compressive strength. This permitted the bloeks to 
regain any moisture they sight have loat. 

Ás & representative sample the data obtained for mixture b has been 
included in tke lorendix, 

Tests were condueted ts determine if the orientation of the mortar 
blocks had any effect on tne results, Two blocs each from five cifferent 
mixtures were selected st random. The counting rate was determined for a 
two inch thickness of each block. The block waa then rotated 90 degrees 
about the four ineh axis, anc the ecunting rate wes cetermined a recond 
time for a two inch thickness of the same block, Comparing the two count“ 
ing rates for each block it war determined that, with two exceptions, the 
devinticn between the counting rates wes loss than the standard deviation. 
The two exceptions were both zir dried blocks from mixture V, The two 


counting rates for each of these blocks deviated from the *yersge counting 
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rate for each block by 1,40 percent snd 1.59 percent. The standard 
deviation for the same teo blocks were 1,18 percent and 1,17 percent 
remectively, 

Two blocks from each mixture were usec jointly, each bloc* providing 
two inches cf abeorber for a totsl of four inches ef absorber, anc the 
counting rate was determined, Each bloc’ was then ved gevarately io pro- 
vide four inches of absorber, and the counting rate wes ceterrined.  Coct&r- 
ing the three ceountine retes obtained for each mixture, it wes determined 
that the deviations were less than the standard ceviations in all five 
mixtures. 

These teste indicated that the sbeerption coeffielente obtained fer 
the mixtures were independent of the orientation of the blocks used as 
absorbers, It should be noted that while the deviations in counting rates 
for several of the blocks Eid nol excede the standard deviations, they 
016 approach the standard deviations. The mixtures for wich this ocevred 


are noted in the section on “esulte end Piscusslon as being ۵ 
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VI. sESULTS AMD DISCUSS TON 


The tabulate? results for the 1) and 2. day aebsorntion coefficient 
tests, as well as the 25 day comression tests, are given in Table ما‎ The 
ebeserption curves for the 2) day testa only sre shown in Figure h te 
Figure ll. As an aid in evaluating the results, the densities, linear 
&bsorption c efficients, anó the compressive strengths wore plotted versus 
the percentage of slag content. These results are shown in Figure 12, 13 
and 1h, respectively. 

The plot ol density versus slag content, Figure 12, indicetes not 
only the average density for five blocks, but also the spread of these 
deneities. The standard mixture }, 17 percent slag, and air dried 
mixture C, 35 percent slag, show marked decresses in density. This density 
decrease causes £ decrease in the linear abeorption coefficient, as is 
obvious ín Figure 13. Tre compressive strength for trese two points also 
taken a definite drop as shown in Figure 1. This indicates that the 
samples in question were probably too porous. The only apsarert exlanation 
for this porosity is that there was & ceviation in the mixing, cr casting 
technique. The general trend shown in Figure le is for the Censity to 
inerease to a maximum and then drop off. The comresslon strength decreases 
with inereased slag as shown in Figure lli. This indicates the mixtures are 
becoming increasingly porcus., This vorosity was evident by the surface 
condition of the blocks ag sheer in the photograph in Figure 15. The 
results of the screen tents for the sand and slag ere plotted in Figure 16 


which clearly shows the slag to be more coarse. 
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Figure bh. Mixture A elvsorption carve. 
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Figure 5. Fixture D absorption corvos. 








60 





4000 


2000 





OOO 
800 


600 


4O00[- 


200 


100 e 28 DAY STANDARD 
I o 28 DAY AIR DRIED 


0 20 30 40 50 
ABSORBER THICKNESS gm./cm.? 


ligure 6, Virtere C aùsorption curve, 
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Figure 7. Viviure C ebcecrption curvos 
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Eze 6. Vixture E abeorption eure. 
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Figwe 9, Mae F atgerption curves 
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Figure 10, Fixture G abeorpilen curvas 
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Figaro 11. Mixture 1) aheerption eure. 
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Figure 12, Veristion of emeeisen density at 20 dera 
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Figure 13. Variation of lineer absorption eneffiotent with 
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Figure 15, Vaeriatien in comresnive strength sith slag 
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Figure 15. Thotograph showing surface condition ef test 
clocks. 


The net resvlt of thie test data ia thet, while the slag increases 
the density, it also increases the porosity end there is no gelin in the 
lines: absorption coefficient. In fact, tee shserption ecefficlent 
decreases with increased slag. 

The addition of fly ash with the alag eliminates the coarse effects 
of Gia elar in the aggregete. There is a evbstartial increase in density 
as shown ín ligure 12. The comrestion strength drops when no sand ig 
usec as shown in Figure lh, but the abserntion coefficient increases ag 
ghown in Picure 13. There is a maximue increase in the absorption 
coefíicient of 5.5 percent for t^e stendard blocks and a 20h percent 
increase for the gir dried blocks. 


Since the commicrl anulysig of the ingreclente was not available no 
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exact comoarison cf theory and ex eriment could be made, In order to come 
pare the trends indicated by the experimental teats with the theory, the 
abserption coefficients were comutec for mixturos A to E. The compo- 
itl ons es reported in Table 1 sere those used fer this avelysie. The 
abecrption coefficients were computed fer &n incident p^oton energy of 
1,25 Leg, 

The linear absorption coefficiente feo all the elements thet appear 
in Table 1 were corputed using the formulas presented by Siri (10). The 
partial linear abserptien coefficients for tle elements wore computed using 


the following equations: 


۱11601604460072 6 effect, 


T= loo? Tan EE esi 


Soapton effect, 


< e Cr 
oF = 0.22h rat 


Pair Production, 


2 
e 2 E 3 


The values used for lead were obtained from curves as Tp, = 0slh, 


2 Pb * 0.51 and ”“ኤ = 0.0082. The total linear abserotion coefficient 
is the sum of the partial cosffieients, er Ws Tı +71, The mase 
absorption coefficient wes obtained by dividing by the density of the 


element at 159 7. The computed mass zbsorption coefficients sre shown in 


Table 5. 
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Table 5. sap absorptien coefficients 











Element م/ ثر‎ ten 
ቨ 0ءء‎ 
0 ھ7٦‎ 
ጃር «0572 
AL .0550 
si .0573 
Ca «257% 
Fe .0533 





ás g chook en these values, the valves listed by Jungerferd (5, pp. 
718-719) fer the elements, at energy values of 0.5, 1, 2, and 3 Bev, 
were plotted. The values determined from these curves at 1.25 Mev. agree 
with the above listed values, 

The mage absorption coefficient for a mixture or compound was 


determined by the formula given by Fapo (11, po. 641-612), trat is 


رر 

ሥ = ^ Je 

/e Q4 I, + Hei io tee ex e 

were İş, İş, ete, üre the fractions] weight percentages of the element 
present. As an examile, the mess ubsorption ceefficient for SiO, was 
obtained, vsing the velues listed in Table 5, ይይ 


> ge = 23/60 (.0573) + 32/60 (.0577) = 0.0576 , 
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The values computed fer all the compounds presont in the mortar are listed 





ín Table 6, 


Table 6, Wares abacrption ceefficlent of some com ounds 














Compound A Po on? / pa 
Hat 0610 
5403 0576 
06ء و0 و6‎ 
£1903 00563 
cad «0575 
KO oh 





The maes absorption ceefficlents for the cenont and slag wore 
obtained br the same method used to determine the values of the compound, 
The values are ebom in Table 7. 

It was necessary “e dölermine the amount of the initial water thet 
wae retuined in the mortar blocka, Une standard block from seach mixture 
eae permitted to dry out for a minimaa of — efter the 2C day tests. 
These blocks lest, on the average, 3 pereent of their weicht when dry. 
Their dry weight averaged @ percent higher than the correspording air 
Ured blocks., Assuming that the standard dry blecks had retained 30 


percent of the initial amount of water, 1+ was determined that the 
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Table 7. Mass absorptien coefficient of mortar ingredients 








katerisl مسر‎ fn 
Slag ۰ 0565 
820 «060 





standard wet blocks contained 50 percent of the initial water, and the air 
gurec blocks contained 15 percent of the initial water. 

Using the above figures, tre weight percentages listed in Table وبا‎ 
fer cement and aggregate, wore adjusted for the water lose. The nage 
absorption coefficients for the standard and air cured condition were 
computed for mixtures A to E. These thecreticnl values ere listed in 
Table 6 along with the experimentally determined valves, 

The theoretical valves cf the mass absorption coefficient indicate 
that there should be a 1.6 percent decrease in the mess absorption 
coefficient when slag is used as the aggregate. From Table 3, it was 
determined that the slag density is 9.8 percent greater than the density 
ef the sand. To determine the density increase ner block, the weicht 
percentages for the standard blocks of mixtures A and I were converted to 
voluse percentage. The volume percentsge of sane in mixture A wes 72.7 
percent, while the volume vereentage of slag in mixture E was 69.7 percent, 


The ratic of the volume percentage times the ratio of densities gives a 
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Table Ö. Thesretical and experimental ebsorption coefficients 
Mixture “ሃም cn?/ cm 
5 3 Air cried 
37ء‎ ment Theory 70:176 
۸ .0579 „0565 00576 20587 
B 20577 00563 40578 „057€ 
0 .0575 0 40572 60ء‎ 
D .0573 00560 00570 s 0563 
L .0570 .0555 0567 00558 





percentage weight increase of 5.0 percent, Since the blocks were the same 
volume, this is also the density increase, 

The mass absorption coefficient decreases 1.6 percent while the density 
is inereasing 5.0 percent. The linear absorption coefficient should 
trerefore increase aoproximately 3.2 pereent by rerlecing the send with 
slag. The results show that this increase is not obtained. It is believed 
that the failure was caused by the perosity of the mixtures, 

Since no information was available concerning the composition of the 
fly seh, & similar thecretieal analysis could not be performed for mixtures 
F and G, The experimental results indicate thet the use of fly ssh and 


slag leads to s definite increase in the linear absorption coefficient. 





KO 
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The results of the tests of the gamma ray shielding proporties of 
mortars contsining slag 48541 6848 that the following conclusions seem 
justified: 

1۰ The use of slag as a fine eggregate may result in a perons 
mortar. The shielding properties of this mortar are re- 
dueed es & result of thie porosity. 

2, Tha use of fly agh in conjumetion with slag as tre fine 
aggregite in mortar shows an increase in the Linear 
absorption coefficient of from 2,5 percent to $ percent, 


o Tre wee of seter to keer the mortar saturated reacl ted 


Us 


in en increase of from 5 percent to 7 percent regardless 
of the ageregste used, 

Additional research could be conducted to determine the‏ میا 
ratio of sand, slag and fly ash which gives the optimm‏ 


linear abservtion coefficient, 
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Data for Fixture E 





Table 9. Composition 











Late Naterial velght “ercent 
log. weight 
3/6/51 Cement 1.0 13,10 
fater ረ oll 10,90 
Slag 15,65 71.00 
Send 0 0 
Table 10. lk day test data. Date: 3/20/57 
Item ©. tensit Thiemess Count Time Net "ercent 
lbs. - ር=/6 / em min, deviation 
Lackgr ound 452 30 16+ 1 
Standard 
1 0 0 0 15,101 5 2 Ge 
d 1.38 2.35 17,12 9,268 6 1.536416 390 
2 1.38 2.33 24.24 8,094 10 791% 9 1,1 
h 1,35 2.38 36.36 6,375 15 30با‎ 5 Lee 
5 1.37 2.37 PEN E ly 37h 20 2044 3 145 
6 1037 ¿037 یلا2 25 2,966 6ء نا‎ 2 1.9 
AR a 2.30 
áir dried 
1 0 0 0 34,893 5 29625ከ 0.6 
2 1631 2527 11.52 5,199 6 1610416 1,0 
3 1.30 225 22.96 6, heh 10 825+ 9 1.0 
h 1.29 2.23 35, 28 6,21 15 L364 6 Leh 
5 1.21 ؟‎ 7٢ 15.50 5,063 20 230+ با‎ 1,7 
6 3522 d 57.12 3,370 25 119+ 2 1.7 
e. Sed 
























































Table ll. 20 day test dase. Tate: 7 
İten “bs Densit Thiokneess Comt Time Set .ercent 
35:85 Giz en? /.m ain, Cevistion 
Taek ound 425 30 lit 
Standard 
1 0 0 0 1,1%; 5 ا بک و‎ 0.9 
E 3? Muy 12.05 1,172 5 1120417 lah 
3 1.37 2.37 25,10 fe 506 20 T2014 ጋ Lee 
h 1.36 2.35 36,05 ورد‎ 5 15 35x 5 1.5 
5 1.36 2.35 14.00 1,058 70 1094 5 1.6 
6 1.36 2.55 24925 لاو‎ 25 ir? 2.0 
ive 2552 
¿ir dried 
1 0 0 0 14,037 5 279 3821 یہنا‎ 
2 1,23 2.22 11.425 7,556 5 1267317 Léi 
3 1.28 2522 22.90 7,99€ 10 Tees 9 Lei 
ከ 1.29 2.23 33.03 Ep 65 15 9E 5 Lee 
E 1] 20 ከ5,00 1,937 20 220+ إ‎ 1.8 
6 1.27 2520 56.17 2,370 25 121 2 17 
be ed 
Table 12. Sompressive tost deta. Date: 1/3/57 
Standsre — — — — لټ‎ İ = 4 ed erkenne 
Tum و‎ “tress lien Vorce fresa 
lbs. lbg/in* Lbs. ibg/in? 
3. $300 2075 E 10,900 2625 
2 8000 2000 ? 9,20 2300 
3 5500 2125 2 7,800 ?200 
Av ۰ ሩ 067 AY ۰ 2 375 
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